
MODULAR PROSTHESIS SYSTEM 
WITH NOVEL LOCKING MECHANISM 


5 FIELD OF THE INVENTION 

The present invention relates to an improved modular prosthesis for use in 
complete or partial joint replacement and repair where various component parts of the 
prosthetic implant are independently selected to allow the surgeon to custom fit the 
implant to a patient's anatomy without requiring a large inventory of components of 
10 various sizes and shapes, where the components are connected by a connecting member 
that allows continuous, multi-dimensional variation of the component parts to achieve a 
desired orientation, and where, once positioned, the parts are securely locked in place 

f ,A with a novel locking mechanism for securely locking the components in the desired 

□ 

□ orientation. The present invention further relates to methods of using the modular 

m 1 5 prosthesis and locking mechanism to repair or replace all or a portion of a damaged joint. 

ill BACKGROUND OF THE INVENTION 

; ! Patients suffering from trauma or disorders causing severe joint pain often require 

i U surgical treatment involving complete or partial replacement of the affected joint. For 

\.JL 

■ '= j 20 instance, disorders of the gleno-humeral or shoulder joint may require the surgeon to 
l := replace the components of the patient's joint with prosthetic parts. During a shoulder 
replacement operation, at least a portion of the proximal section of the humeral shaft is 
replaced by a metal prosthesis. This prosthesis generally consists of two parts: a stem 
that is mounted into the medullary canal of the humerus, and a head retaining component 
25 connected in some manner to the stem. The head retaining component replaces the 

bearing surface of the humerus and articulates within the glenoid cavity of the scapula to 
allow movement of the shoulder. 

In such operations, surgeons increasingly want to be able to custom fit prostheses 
to patients without having to choose a properly sized prosthesis from a large group of 
30 pre- formed one-piece, or "monobloc," implants. Use of monobloc implants requires the 
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surgeon to maintain a large inventory of such implants and allows the surgeon to custom 
fit the implant only within pre-set parameters. 

Modular prostheses are known where the stem and head retaining component may 
be supplied in "modular" form, that is, as separate connectable components. Different 
5 stem sizes and head sizes in modular implant design provide the surgeon with some 
degree of inter-operative flexibility. A range of stem and head sizes allows the surgeon 
to choose a particular combination to suit the anatomy of each individual patient without 
having to maintain a large inventory of integral or "monobloc" prostheses. However, 
while these prior modular prostheses accommodate variations in patients* bone structure 
10 that arise due to differences in bone size and shape, they do not address variations in the 
angles and orientation of the skeletal system among individual patients. For example, in 
the case of the proximal humerus, individual patients require differing resection angles, 
i.e., angles of inclination of the humeral head relative to the stem, differing angles of 
retroversion or anteversion of the head, and differing degrees of lateral and/or posterior 
|.rj 1 5 offsets between the axis of the head and the axis of the stem. 


□ 


y = Other modular humeral prostheses have accommodated such variability between 

tn 

patients by a variety of adjustable connectors for linking the head to the stem or by 


L5J 


"J 


I 1 surgical kits containing a wide range of connectors from which to select that fix the 

1 ! U appropriate offset, resection angle, and angle of anteversion/retro version. However, these 
20 solutions have drawbacks in that either they require a large number of connectors for 

mixing and matching with the various sized stems and heads, or the adjustable connectors 
are limited to adjustment in specific increments or enable adjustment of only a single 
variable or along only one or two rotational axes. 

Prior humeral prosthetic implants have used ball joints in place of the traditional 
25 taper lock, or "Morse taper," design for connecting the humeral stem and humeral head to 
provide a continuous range of possible arrangements of the head with respect to the stem. 
This type of joint makes it possible to define the most favorable resection angle, angle of 
anteversion and lateral offset of the humeral head. However, prior prostheses with ball 
joints secure the ball with various means requiring the use of small screws. 
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One prior art ball joint uses a set screw to engage a recess on the surface of the 
ball to hold the ball in place within a spherical cavity. This method of securing the ball is 
counter-productive because although the ball contains multiple recesses for engaging the 
screw, this arrangement limits the possible orientations of the ball in relation to the head 
and stem, thereby undermining the primary advantage of the ball joint — the capacity for 
continuous adjustment between the stem and head of the prosthesis. 

Another example employs a slotted spherical ball and a screw plus a conical push 
rod designed to expand the ball to lock it within a spherical cavity in either the stem or 
the head. Such locking mechanisms have disadvantages in that the small blind hole 
required for the screws used in such mechanisms can collect debris which can fester and 
cause infection. Additionally, the small screws are difficult to handle during surgery and 
create a risk of becoming lost in the soft tissue of the patient. Furthermore, set screws 
concentrate the locking force on a small surface area rather than distributing it uniformly 
over a greater area. This concentrated stress can create more debris, thereby increasing 
the risk of infection. 

Many prior prostheses incorporating a spherical ball joint have other drawbacks 
as well, such as difficulty creating a secure lock to prevent the components from slipping 
under pressure from high loads. This is most likely because prior ball joints house the 
ball in a generally spherical socket on either the humeral stem or humeral head. Such 
spherical sockets are designed to contour the geometry of the ball. This type of design 
has not demonstrated optimal torque to slip rates in laboratory studies designed to 
simulate the maximum expected torque loads on the joint during strenuous activities. 

Thus, there is a need for a modular prostheses that allows continuous, three- 
dimensional variation of the orientation of the component parts, that reduces the number 
of standard component parts required to achieve optimal fixation, and that can be 
securely locked in a desired position without the use of small screws and with the ability 
to resist maximum expected loads without slippage. It would also be advantageous to 
have a basic prosthesis design that may be modified by using basic component parts that 
may be mixed and matched and then further adjusted relative to each other to allow 
reconstruction of the original anatomy of the patient. It would also be advantageous to 
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provide a humeral prosthesis design made of modular parts which that may be 
independently selected to approximate the natural anatomy of the patient's proximal 
humerus for a shoulder replacement. 

SUMMARY OF THE INVENTION 

Methods, devices and instrumentation of this invention seek to provide a modular 
prosthesis for use in complete or partial joint replacement and repair that allows 
continuous variation of the orientation of the component parts to replicate the natural 
anatomy of the patient's joint and that includes a novel locking mechanism for securely 
locking the components in place in the desired orientation. With the modular prosthesis 
of the invention, a continuous range of possible arrangements and orientations of the 
component parts is possible without requiring a multitude of various components, and a 
secure lock between components is achieved without the use of small screws which may 
become lost or cause infection. 

Methods, devices and instrumentation according to this invention more 
particularly provide a modular prosthesis designed to replace the joint articulating surface 
of a bone, i.e. the portion of a bone which forms the bearing surface of the joint requiring 
replacement or repair; a modular prosthesis kit for replacement and repair of all or a 
portion of the damaged joint; and methods for using the modular prosthesis of the 
invention to replace or repair the damaged joint. In one embodiment, the primary 
components of the modular prosthesis include a stem, a head, a connecting member for 
positioning and attaching the stem and the head in a desired orientation, and a locking 
member for securely locking the components together. 

A modular prosthesis according to the present invention includes a prosthetic 
head chosen to suit a patient's joint articulating surface and the surface of the resected 
bone and is attached to a stem chosen to suit the medullary canal of the resected bone by 
a connecting member including a patrix member having a generally spherical surface and 
a locking member. In one embodiment, the patrix member is attached to the proximal 
end of the stem, and the prosthesis head includes a socket recessed into the underside of 
the head for housing the patrix member. As used herein, "patrix member" refers to a 
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projection, or male member, which is adapted for attachment to the stem and to be 
received in the recessed socket of the head. The generally spherical surface of the patrix 
member provides the connecting surface between the head and the stem and allows the 
head to be rotated with respect to the stem about multiple axes, thus providing a virtually 
unlimited range of possible orientations of the stem and head and the ability to custom fit 
the prosthesis to the anatomy of the patient. In one embodiment of the invention the 
patrix member is a generally spherical ball attached to the end of the stem. 

The novel locking member is designed to retain the patrix member within the 
head socket, once the components have been positioned as desired, by holding the patrix 
member between the locking member and the head socket with a force sufficient to lock 
the patrix member securely and rigidly in place relative to the stem and the head. This 
force is distributed substantially uniformly on at least one ring of contact between the 
patrix member and the locking member and at least one ring of contact between the patrix 
member and the head socket to form a secure lock between the head, patrix member and 
stem. 

In one embodiment, the locking member is a locking ring that fits around the 
proximal end of the stem and is adapted to be received within a cylindrical cavity in the 
undersurface of the prosthetic head. This cylindrical cavity is concentric to the head 
socket that receives the patrix member. When the patrix member is placed in the head 
socket and positioned as desired, the locking ring is then moved into the cylindrical 
cavity of the head and thus engages the head and a portion of the patrix member, such 
that when engaged, the combination of the force of the locking ring against the patrix 
member, on at least one ring of contact between the patrix member and the locking ring, 
and the corresponding force of the head against the patrix member, on at least one ring of 
contact between the patrix member and the head socket, stabilizes the head and 
subsequently locks the stem and head combination together. The locking ring and the 
head thus contact the patrix member on at least two rings, distributing the stress of the 
locking force substantially uniformly around those rings, which reduces the risk of 
infection from debris created by concentrated point contact as with prior art locking 
devices such as set screws. 
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In one embodiment, the patrix member is welded to the proximal end of the stem, 
and the locking ring is positioned on the neck of the stem just below the patrix member. 
Additionally, the locking ring is placed on the stem prior to welding the patrix member to 
the stem. This arrangement and the ease of manipulating the ring into position prevents 
5 the possibility of losing the locking ring during the surgical procedure prior to locking the 
humeral head and stem in the desired arrangement, as is possible with the use of small, 
loose screws. The locking ring also eliminates the need for small holes in the prosthesis 
that allow accumulation of debris, which can then fester and cause infection. 
Furthermore, the locking ring allows greater surface area of contact between the ring, 
10 patrix member, and head, which minimizes debris caused by concentrated point contact 
and consequently reduces the risk of infection caused by such debris. Additionally, 
optimization of the surface finish on the surface area of contact between the components 
allows for greater friction between the contacting surface and thus more securely 
□ immobilizes the stem and head in the desired angular position. 

!.n 15 In one embodiment of the invention, the head socket, which houses the patrix 

member, has a frusto-conical, i.e. tapered, shape to allow for greater control over the 
u angle of contact between the patrix member and the head. Preferably, the interior 

J [ A geometry of the locking ring, which fits up against the patrix member when the locking 
| y ring is engaged, is also frusto-conical. The dual cone shape, or dual taper, of the head 
%J 20 socket and the ring of this embodiment provide control over the contact position of the 
; ; " s patrix member, allow more room for the head socket within the head, and allow for a 

larger patrix member to be used. In this embodiment, the dual cones are designed so that 
the angle of contact between the head and the patrix member is less than the angle of 
contact between the ring and the patrix member, which increases the locking ability of 
25 the device. The optimization of the contact angles provides improved torque to slip 
ratios, thus providing a prosthesis which will withstand maximum anticipated loads 
without slipping. 

The locking potential between the components of a modular prosthesis according 
to the invention may be further enhanced by employing different surface finishes on the 
30 contact areas of the components. In one embodiment of the invention, the patrix member 
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is divided into two areas of different surface finish. The surface area of the patrix 
member that contacts the interior of the head socket has a rough finish, and the surface of 
the head socket has a corresponding rough finish. The surface area of the patrix member 
that contacts the interior wall of the locking ring has a smooth finish, and the surface of 
the interior wall of the locking ring has a corresponding smooth surface. The relative 
coefficient of friction values play an important role in the locking function; thus, 
optimization of the interplay between the surface finishes provides for increased friction 
locking between the components which enhances the overall locking strength of the 
device. 

Methods, devices and instrumentation according to this invention even more 
particularly provide a modular humeral prosthesis for replacing the proximal portion of 
the humerus in which an elongate stem is adapted to be received in the medullary canal of 
a resected humerus. The head of the humeral prosthesis has a generally hemispherical 
shaped outer surface that corresponds to the glenoid cavity of a human scapula. The 
connecting member includes a patrix member having generally spherical surface at the 
proximal end of the stem designed to correspond to a socket on the underside of the 
humeral head retaining component. The patrix member is preferably welded to the 
proximal end of the stem. The stem/patrix member/head assembly is then secured in a 
desired orientation by a locking member. The locking member may be any mechanism 
that retains the patrix member within the head socket, between the locking member and 
the head socket, with a force sufficient to lock the patrix member securely and rigidly in 
place relative to the stem and head, where the force is distributed around at least one ring 
of contact between the patrix member and the locking member and at least one ring of 
contact between the patrix member and the head socket, thereby creating a secure lock 
between the patrix member and the head and the patrix member and the locking member. 
In one embodiment the patrix member is a generally spherical ball and the locking 
member is a locking ring that is fitted around the neck of the shaft just distal to the ball 
and is preferably placed on the stem prior to attaching the ball to the stem. 

An additional aspect of this invention is a surgical kit that includes a selection of 
components of various sizes and shapes for assembling the permanent, or implant, 
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prosthesis, a corresponding selection of trial components for assembling and testing a 
trial prosthesis, and a transfer jig for assembling the components of the implant prosthesis 
to match the arrangement and orientation of the trial prosthesis. 

Another aspect of this invention seeks to provide a method of using the modular 
5 prosthesis for replacing or repairing all or a portion of a damaged joint and orienting the 
components of the prosthesis to compliment the patient's natural anatomy. More 
particularly, this invention provides a method for replacing or repairing the proximal 
humerus and humeral head with the modular prosthesis of the invention. 

These and other features of this invention will become apparent after a review of 
10 the following detailed description of the disclosed embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 
M Figure 1 is a perspective view of a fractured or diseased humerus. 

£3 Figure 2 is a exploded perspective view of a resected humerus and a modular 

ry 

;,f s 15 prosthesis of the invention. 

>!n Figure 3 is a perspective view showing the prosthesis of Figure 2 implanted in the 

Uj resected humerus. 

? t Figure 4 is a fully exploded view of a modular prosthesis of the invention. 

Ft! Figure 5 is a cross sectional view of another embodiment of a modular prosthesis 

u 

20 of the invention. 

; :=J Figure 6 is a partially cross-sectioned perspective view of the assembled modular 

prosthesis of Figure 4 or 5. 

Figure 7 is a fully exploded perspective view of a trial prosthesis of the invention. 
Figure 8 is a perspective view of the trial stem assembly of Figure 7 with the trial 
25 head exploded away. 

Figure 9 is a cross-sectional view of the assembled trial implant of Figure 7 or 8 
inserted in a resected humerus. 

Figure 10 is an exploded perspective view of a trial prosthesis and implant 
prosthesis of the invention and a transfer device of the invention. 
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Figure 1 1 is a perspective view of the trial and implant prostheses of Figure 9 
mounted in the transfer device of Figure 10. 

Figure 12 is a plan view of the stem or component of the transfer device of 
Figures 10 and 11. 

Figure 13 is a cross-sectional view taken substantially along lines 13-13 in Figure 

12. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Methods, devices, and instrumentation according to this invention seek to 
improve orthopedic surgical procedures for joint replacement and repair as well as the 
performance of orthopedic prostheses used to replace and repair the bones that form the 
articulating surfaces and components for the joint requiring treatment. Methods, devices, 
and instrumentation according to this invention provide a modular prosthesis for use in 
complete or partial joint replacement and repair that allows continuous, multi- 
dimensional adjustment of the orientation of the prosthesis components, thereby allowing 
the surgeon to position the components to replicate the natural anatomy of the patient's 
joint. The modular prosthesis of the invention includes a novel locking mechanism for 
securely locking the components in place in the desired orientation while distributing the 
locking force substantially uniformly on the contact surface between the components, 
providing an improved friction lock between the components and minimizing 
concentrated point contact, debris and the capacity for infection inherent in the use of 
small screws. 

A modular prosthesis of the invention is designed to replace the proximal end of 
the bone that forms the bearing surface of the joint requiring replacement or repair. 
Figure 1 depicts an intact humerus 10, with a shaft 12, medullary canal 14, and damaged 
humeral head 16. The shaft axis 18 and the dotted line representing the proposed 
resection surface 20 define the resection angle 22. The literature offers two methods for 
defining the resection angle of a humeral neck. Figure 1 depicts the resection angle as 
defined by the largest angle between the plane of the resected bone (shown as line 20) 
and the humeral shaft axis (line 18), as set forth by Ianotti et al. (1992), INSERM (1997) 
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and Pearl & Volk (1996). A modular prosthesis according to one embodiment of this 
invention is designed to approximate the geometry of the end of a bone which has been 
resected to accommodate a prosthesis. The primary components of the modular 
prosthesis of the invention are a stem, a head, and a connecting member for positioning 
5 and attaching the stem and the head in a desired orientation and including a locking 

member for securely locking the components together. The prosthesis of this invention is 
preferably made of cobalt-chromium alloys or implantable titanium alloys, but may be 
made of any metals or other materials known to those in the art as suitable for 
implantation in a patient. 
10 Consider one example of instrumentation and devices according to this invention. 

Figure 2 illustrates one embodiment of the modular prosthesis according to this invention 
disposed above a resected humerus 24, and Figure 3 depicts the prosthesis of Figure 2, 

^ which has been implanted into a resected humerus 24. Generally, a modular prosthesis of 

□ 

□ this invention includes an elongate stem 26, a head 28, and a connecting member 30 

Py 15 which includes a patrix member 3 1 , having a generally spherical surface, and a locking 

j ^ member 34. 

m 

M As used herein, the term "head" means the prosthesis head which is designed to 

replicate and replace the bearing surface of the bone which articulates in the joint 
i U requiring treatment. For instance, in a surgical treatment for repair of the gleno-humeral 
; = 4 20 joint, i.e. the shoulder, the prosthesis head replaces the humeral head of the humerus, 

! ! =S 

; ! ^ which articulates in the glenoid cavity of the scapula. As used herein, the term "patrix 
member having a generally spherical surface" or "patrix member" means a projection or 
male member that has a generally spherical surface and that is adapted for attachment to 
an end of the stem. In the embodiment of the invention shown in the figures, the patrix 
25 member 31 is a generally spherical ball, 32. As used herein, the term "generally spherical 
ball," "spherical ball," or "ball" means a portion of the connecting member that has a 
substantially spherical shape but which may not be a perfect or complete sphere. For 
instance, a portion of the sphere may be removed at one end such that the ball has a flat 
surface, as shown in Figures 4 through 9. 
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The prosthesis of the invention accommodates a wide range of variation, in a 
relatively inexpensive manner, by providing three dimensional variability by using a 
connecting member having a generally spherical surface, rather than a plurality of 
intermediate connecting members. This combination allows the surgeon to optimize the 
5 orientation of the head and stem to approximate the anatomical variations of a particular 
patient. For instance, in reconstructing a shoulder with a prosthesis according to this 
invention, the ability of the patrix member to allow rotation of the humeral head with 
respect to the stem along three axes, optionally combined with a small offset of the 
rotational axis of the humeral head from the center of the patrix member, allows the 
10 surgeon to adjust the angle of inclination (or resection angel), angle of anteversion (or 
retroversion) and the lateral offset of the humeral head required in orienting the stem and 
head to custom fit the prosthesis to a patient's natural anatomy. 

Figure 5 illustrates the rotational motions of the head 28 by subdividing the 

□ motion into three basic rotations about 3 primary axes. In the embodiment shown, the 

ill 

j'jj 15 patrix member is a generally spherical ball and the center of rotation 36 of the generally 
L' spherical ball 32 is offset from the center of rotation 38 of the head 28, by a distance 40. 

i s y The offset may be from approximately 2 mm to approximately 12 mm, more preferably 
[ A from approximately 3 mm to approximately 5 mm. Because of the offset 40, rotation of 
^ the head 28 about axis 36z allows adjustment of the lateral offset of the head. This 
■4 20 rotation also provides some interdependent adjustment in the posterior direction, allowing 
H for provision of a posterior offset present in some patients. The posterior offset may be 
from approximately 0 mm to approximately 10 mm, preferably from approximately 0 
mm to approximately 5 mm. 

Rotation of the head about axis 36y enables tilting of the head 38 which allows 
25 adjustment of the resection angle. One embodiment of a prosthesis of the invention 
allows a range of adjustment of the resection angle from about 130° to about 150°; 
another embodiment allows a resection angle from about 125° to about 155°; and a third 
embodiment allows adjustment from about 120° to about 160°. The lateral retroversion 
of the head may be controlled by rotation of the head about the axis 36jc. The possible 
30 range of adjustment of the angle of retroversion provided by one embodiment of a 

1224762.4 



prosthesis of the invention is from about 15° to about 40°. Another embodiment of the 
prosthesis of the invention allows retroversion of the head from about 10° to about 50°. 

Figures 4 through 6 depict one embodiment of a modular prosthesis according to 
the invention. For purposes of illustration, the prosthesis depicted in the figures is a 
5 humeral prosthesis; however, it will be recognized by those of skill in the art that the 
invention is not limited to a humeral prosthesis. As shown in the figures, the prosthesis 
includes a stem, head and a connecting member, including a patrix member having a 
generally spherical surface and a locking member. In the figures the patrix member is a 
generally spherical ball, but the patrix member may be any projection, or male member, 
10 that has a generally spherical surface. The locking member shown is a locking ring; 
however, the locking member may be any mechanism capable of locking the ball 
securely in place by compressing the ball on two rings, where the locking force is 
\* substantially evenly distributed along the rings. 

□ The stem 26 of the modular prosthesis is generally elongate and is adapted to fit 

PI! 

Ly 15 within the medullary canal 14 of a resected bone 24, as shown in Figures 2 and 3. The 
'■H stem may be various lengths and thicknesses to accommodate the requirements of the 

j y patient's anatomy. The stem is generally from about 1 1 5 mm to about 250 mm in length. 

The diameter of the stem is generally from about 6 mm to about 16 mm. It should be 
I U understood by one of skill in the art that these ranges apply generally to the embodiment 
Sj 20 shown in the figures, adapted for implantation into a human humerus, and will be 
; ~ adjusted for various embodiments of the invention, particularly for prostheses according 

to the invention adapted to be used in larger bones or non-human patients. The stem has 

a first end 42 that is received in the medullary canal 14 of a resected bone 24 and a 

second end 44 adapted to cooperate with a prosthesis head. The diameter of the stem 
25 should generally correspond to the diameter of the medullary canal of the resected bone. 

The stem may also have fins 46 at the proximal end to prevent the rotation of the stem 

within the medullary canal once implanted. 

In the modular prosthesis according to the present invention, a prosthetic head 28 

is selected from a variety of shapes and sizes to approximate the configuration of the 
30 head of the patient's bone at the end of the bone that functions as the bearing surface of 
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the bone within the joint to be repaired. For the embodiment shown in the figures, the 
height of the head may be from approximately 12 mm to approximately 33 mm, 
preferably from approximately 14 mm to approximately 33 mm. The radius of the head 
in the embodiment shown generally ranges from approximately 23 mm to approximately 
5 29 mm. The outer surface 48 of the head 28 is shaped to correspond with the surface of 
the joint with which it articulates. The undersurface 50 of the head is adapted to 
correspond with the resection surface of the resected bone and to cooperate with the 
second end of the stem. In one embodiment of the invention, the undersurface of the 
head comprises a cavity 52 concentric with a socket 54 for receiving the connecting 
10 member 30. 

In an embodiment of a prosthesis according to the invention, the generally 
spherical ball 32 is preferably attached to the second end 44 of the elongate stem 26 and 
adapted to cooperate with the prosthesis head 28. The undersurface of the head has a 
□ recessed portion, or cavity, 52 which is optionally offset, or eccentric to, the rotational 
\u 15 axis of the head, as described above. The cavity 52 is adapted to receive the locking 

i; LJ member 34 and the generally spherical ball 32. The cavity includes a socket 54 for 

In 

Ly housing the spherical ball 32. The socket is preferably concentric to the cavity, and the 
l A cavity preferably includes a locking surface 56 for engaging a corresponding locking 
| y surface on the locking member. 

SJ 20 The head socket 54 is designed to house the stem ball 32, such that the head 28 

1 1 may be placed on the stem ball and then oriented as desired. The locking member 34 is 
adapted to engage the assembled head and stem, such that when engaged, the stem ball 
32 is compressed by the locking member against the inside of the head socket 54, and the 
combined force of the head and the locking member on the stem ball stabilize the 
25 construct and subsequently lock the stem and head combination together in a fixed 

position. The locking member 34 may be any mechanism that compresses the ball on two 
rings such that the locking force is substantially evenly distributed around the rings to 
create a secure lock between the ball and the head and the ball and the locking member. 
In one embodiment, as shown in Figure 5, the locking member 34 is a locking 
30 ring 58 positioned around the neck 60 of the stem just distal to the spherical ball 32 and 
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that may be positioned on the stem prior to welding the ball to the stem, as shown in 
Figure 5 by weld line 92. In another embodiment, shown in Figure 4, the second end 44 
of the stem 26 is a threaded male end 62, with threads 64, and the spherical ball 32 has an 
axial bore 66 with threads 68, such that the locking ring 58 may be placed on the stem 26 
5 and the ball 32 may be subsequently screwed on to the threaded male end of the stem 62. 
This embodiment provides the added advantage of requiring only one ball and locking 
ring to fit any stem size, as opposed to providing each stem with its own ball and locking 
ring. 

When engaged, the locking ring 58 contacts the head cavity 52 and the 
10 undersurface of the spherical ball 32 to create an upward force of the locking ring and a 
corresponding downward force of the head, which combine to hold the ball 32 securely in 
a desired position. In other words, the ball is compressed on two rings and the locking 
I* force is distributed substantially uniformly around these rings to provide a strong lock 

□ between the head and the stem. As depicted in Figures 5 and 6, the first ring R\ is formed 

ry 

m 15 by the contact of the ball 32 with the head socket 54 and the second ring R 2 is formed by 

the contact of the ball 32 with the inner wall 78 of the locking ring 58. In the 
Ly embodiments shown in the figures, the rings R\ and R 2 are substantially parallel, but 
! : , alternate embodiments, in which the nature of the locking member, patrix member, and 

j'U head socket and the angles of contact between these components form rings of contact 
'= j 20 that are not necessarily parallel to one another, are within the scope of the invention. 
: f As shown in Figure 4, the locking ring 58 has a generally cylindrical geometry 

with an axial bore 70 for accommodating the stem neck 60 and the undersurface of the 
spherical ball 32. The outer diameter 72 of the locking ring defines an outer wall 74, and 
the inner diameter 76 (the diameter of the axial bore) defines an inner wall 78. The outer 
25 wall may have a locking surface for engaging a corresponding locking surface 56 on the 
inner wall 80 of the cavity 52 located on the undersurface of the prosthesis head. The 
inner wall 78 of the locking ring is preferably shaped to accommodate a portion of the 
spherical ball. 

In the embodiment of the invention shown in Figures 4-6, the geometry of the 
30 cavity 52 on the underside of the prosthesis head is generally cylindrical to correspond to 
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the circular shape of the locking ring 58. The inner wall 80 of the cylindrical cavity 52 
corresponds to the outer wall 74 of the locking ring 58, and preferably includes a locking 
surface for engaging a corresponding locking surface on the outer wall of the locking 
ring. In one embodiment, the locking surface comprises threads 82 circling the inner wall 
5 80 of the cylindrical cavity 52 for engaging corresponding threads 84 on the outer wall 74 
of the locking ring 58. The head cavity 52 preferably also has a socket 54, which is 
preferably concentric to the cylindrical cavity 52 that forms a housing for receiving the 
spherical ball 32 of the stem. 

The head socket 54 may be any shape designed to accommodate and hold the 
10 spherical ball of the stem; shapes include, but are not limited to, concave, hemispherical, 
arched, and conical. The socket of the embodiment shown in Figures 4-6 has a frusto- 
conical, i.e. tapered, geometry for improved locking. The frusto-conical socket allows 
St for greater control over the angle of contact between the ball and the head. The resulting 
□ optimization of the contact angle affords improved torque to slip ratios, thus providing a 

ru 

ry 15 prosthesis that will withstand maximum anticipated loads without slipping. 

; ;L: The axial bore 70 of the locking ring 58 through which the stem passes is 

■i i - 

lU designed to correspond to the underside of the spherical ball when the locking ring is 
U engaged. In one embodiment, as best illustrated in Figure 5, the ring 58 has a tapered 

| f bore 86, such that diameter of the bore 86 is smaller at the stem end and larger at the ball 
"4 20 end to accommodate the portion of the ball closest to the stem neck. The direction of the 
l2 taper of tapered bore 86 of locking ring 58 is opposite that of the frusto-conical socket 54 
of the humeral head 28, which is widest at the socket opening and decreases towards the 
head interior. When the ball and head are disposed as desired relative to one another, the 
locking ring is locked into place by engaging the locking surface on the ring with the 
25 locking surface on the recessed portion of the humeral head. The combination of the 
force of the locking ring against the ball, on at least one ring of contact between the ball 
and the locking ring, and the corresponding force of the humeral head, on at least one 
ring of contact between the ball and the socket of the humeral head, effectively locks the 
ball within the socket of the humeral head. 
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The locking ring also includes a driving surface on the underside of the locking 
ring for manipulating the ring to lock it within the head. In one embodiment, the external 
driving member is an external hex, or other external shape capable of bearing a torque 
load, adapted to engage a corresponding driver. In another embodiment, as shown in 
5 Figures 4-6, the external driving surface is one or more external slots 88 adapted to 
engage a torque wrench. 

In one embodiment of the invention, the ball 32 is divided into two areas of 
different surface finish that correspond to the surface finish of the contact surfaces on the 
head socket and the locking ring. As shown in Figures 4-6, the ball 32 is divided by an 
10 equator 90. Above the ball equator 90, the surface finish is substantially rough, as is the 
corresponding surface of the head socket. The surface finish of the components is 
described herein in terms of microns (nm) and is the measure of the average distance, or 
!;* height, of microscopic peaks and valleys on the surfaces of the components. As used 

□ herein "rough surface" or "substantially rough," means from approximately 2 \im to 

m 

m 15 approximately 4 jam, more preferably approximately 3.2 jam. The surface of the ball 

below the line 90, where the ball surface contacts the interior wall of the locking ring, has 

Ui 

ly a smooth finish, and the surface of the interior wall of the locking ring has a 

L corresponding substantially smooth surface. As used herein "smooth surface" or 

i" 

P "substantially smooth," means from approximately 0.1 ^im to approximately 1 ^m, 
M 20 preferably approximately 0.8 \im. The resulting interplay between the surface finishes, 
j| 2 and thus the corresponding coefficient of friction values, provides for improved friction 

locking between the components, which enhances the overall locking strength of the 

device. 

Methods, devices and instrumentation according to this invention further seek to 
25 provide a surgical kit for replacement of a damaged joint, including: a selection of 

prosthesis stems of various lengths and diameters for accommodating the medullary canal 
of a patient's bone, each having a first end adapted for insertion into the medullary canal 
of the bone, a second end attached to a patrix member having a generally spherical 
surface, and a locking ring fitted around the second end of the stem; prosthesis heads of 
30 various heights and diameters, each having a recessed socket for housing the patrix 
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member of a selected stem; trial stems of various lengths and diameters corresponding to 
the prosthesis stems and each having a patrix member and a locking member, such as a 
locking ring, similar to that of the permanent, or implant, prosthesis, but having an 
external locking mechanism, such as an external hex to enable easy locking of the 
5 components while implanted in a patient's bone; trial heads of various heights and 
diameters, which are preferably made of plastic and color coded to correspond to the 
different head sizes; and a transfer jig for assembling the implant prosthesis to match the 
orientation of the trial prosthesis. 

One embodiment of a trial prosthesis of the present invention is shown in Figures 
10 7-9. The trial stem 100 is generally similar to the implant stem and should be provided in 
the same height and diameter ranges as the implant stems. The trial head 102 should also 
be provided in the same heights and diameter ranges as the implant heads; however, the 
12 trial heads are preferably made of plastic and are preferably color coded according to 

j '3 head size for ease of identification. In the embodiment shown, the patrix member is a 

ry 

j y 1 5 generally spherical ball and the locking member is a locking ring. 
Jl Like the implant head, the underside of the trial head also includes a cavity 104 

LU for receiving a patrix member and locking ring. The cavity on the trial head has a 

U cylindrical geometry for receiving a metal socket 106. The metal socket 106 is fixed 

; a f within the cylindrical cavity 104 and has a diameter smaller than the diameter of the 

h 4 20 cylindrical cavity. In the embodiment shown, the socket is tapered like that of the 

Jjf implant head depicted in Figures 4 through 6. The metal socket 106 has and internal 

J* 

surface 108 for receiving the spherical ball of the trial prosthesis, an external surface 110 
with threads 1 12 for engaging the trial locking ring, which fits in the space between the 
cylindrical cavity 104 and the metal socket 106. The trial head also includes an axial 

25 bore 1 14 that extends through the outer surface of the head, the cylindrical cavity and the 
metal socket, for accommodating a device for extracting the assembled trial prosthesis. 

In the trial prosthesis, one embodiment of which is shown in Figures 7 and 8, the 
patrix member is a generally spherical ball 1 16 that is attached to the second end 1 18 of 
the trial stem 100. In contrast to the implant ball 32, ball 116 includes an axial bore 112 

30 with threads 124 for receiving a device for extracting the assembled trial prosthesis from 
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the patient's bone when the device is inserted through the axial bore in the trial head to 
engage the threaded axial bore 122 of the ball 1 16. The trial prosthesis also has a locking 
ring 126 with an axial bore 128 for accommodating the trial stem 100 and a portion of the 
trial ball 116. The trial locking ring 126 also has an external hex 130, which allows the 
5 surgeon easily to lock the trial components in a desired location while implanted in the 
patient's bone. In the embodiment shown, the external hex 130 is larger than the 
diameter of the ring 126 and the diameter of the bore 128 through the hex is smaller than 
the axial bore of the ring. The ring 126 has an inner wall 132 that corresponds to the 
external surface 1 10 of the metal socket 106 of the trial head 102. The trial ring 126 also 
10 includes threads 134 on the inner wall 132 for engaging the threads 1 12 on the external 
surface 1 10 of the metal socket 106 of the trial head 102. Figure 9 depicts the trial 
prosthesis shown in Figures 7 and 8 inserted into a resected humerus. Possible 
1* embodiments of devices used to manipulate the trial prosthesis while implanted are 
□ shown in phantom lines. The trial prosthesis of the invention may be used in methods 

ru 

py 15 according to the invention for surgical replacement of a joint articulating surface. 

Methods, devices and instrumentation according to this invention further seek to 


m 
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provide a method for using the modular prothesis of the invention in a surgical procedure 
to repair a damaged joint. Even more particularly the invention provides a method for 
using a modular humeral prothesis of the invention to repair a shoulder by replacing the 
4 20 proximal humerus with a humeral prosthesis according to the invention. One method of 
using one embodiment of this invention to replace a joint articulating portion of a bone is 
as follows. The end of the damaged bone is resected to remove the patient's natural 
humeral head in order to accommodate the prosthesis. A trial prosthesis according to the 
invention is selected, which has a stem chosen to correspond to the length and width of 
25 the medullary canal of the resected bone. The stem of the trial prosthesis includes a 
patrix member having a generally spherical surface and a locking ring with an external 
hex for driving the locking ring, as described above. A trial prosthesis head retaining 
component is chosen to approximate the size and shape of the patient's natural humeral 
head. The components are loosely assembled by lightly screwing the locking ring into 
30 the trial head. 
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The first end of the trial prosthesis stem is then inserted into the medullary canal 
of the patient's bone, and the proximal end of the stem to which the patrix member and 
locking ring are attached protrudes from the resection surface of the bone, as shown in 
Figure 9. The trial head retaining component is then rotated about the patrix member to 
5 achieve the desired resection angle, angle of anteversion and medio-lateral and posterior 
offset. After the surgeon determines the desired orientation of the head, a driver adapted 
to engage the external hex of the trial prosthesis is used to tighten the locking ring within 
the cylindrical cavity of the head to lock the components in that position. Once locked, 
the surgeon may manipulate the patient's bone to simulate movement of the bone within 
10 the joint to test the selected components and orientation. The surgeon may also choose to 
test multiple head sizes and shapes during the trial procedure; thus, the trial head may be 
removed and replaced easily without removing the trial stem. When a desired head has 
^ been selected and the orientation of the components has been determined, the 
□ components are locked in place and the trial prosthesis is extracted from the bone. 

ru 

m 1 5 The extracted trial prosthesis is then mounted in a transfer jig, or transfer device, 

;;LJ which allows the surgeon to determine the exact orientation of the components of the trial 
ly prosthesis and then to assemble the components of the implant prosthesis to correspond 
to the orientation of the trial prosthesis. The transfer device depicted in Figures 10-13 
comprises a base unit 136 with a recession 138 adapted to accommodate a head retaining 
20 component 140. The head retaining component comprises two concave surfaces 142 and 
144 for receiving the both the trial and implant prosthesis heads, respectively, and is 
specific to head size. The head retaining component is preferably made of colored plastic 
and is color coded to correspond to the head size of the trial prosthesis, and hence the 
implant prosthesis as well. The concave surface 142 that receives the trial head 102 has a 
25 bar 148 on one side of the concave surface that engages a slot 150 on the underside of the 
trial head to orient the trial head in a set position, as shown in Figure 10. An implant 
stem and head are chosen to correspond to the size and shape of the trial head and stem 
and loosely assembled by lightly tightening the locking ring. 

The implant prosthesis is then placed, head down, in the second concave surface 
30 144 adjacent to the trial prosthesis. When positioned, the undersurface of the heads 
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should be flush with the top surface of the base unit. A plate 152 is placed over the heads 
as shown in Figure 1 1 . The plate comprises two pins 1 54 for engaging two holes 1 56 on 
the undersurface of the implant head for orienting the implant head in a set position that 
corresponds to the set position of the trial head. A thumb screw 158 allows the plate to 
5 be moved toward the base unit to immobilize the heads with in the base unit. 

A stem unit 160 is then used to engage the stems of the trial and implant 
prosthesis and to allow the surgeon to position the stem of the implant prosthesis to 
match the orientation of the trial stem. The stem unit, depicted in greater detail in Figures 
12 and 13, includes a four-bar unit 162 connecting two cylinders 164, which are adapted 
10 to receive and retain the stems of the prostheses contained in the transfer device. The 
cylinders 164 are hollow to accommodate cylinder inserts 174 which are selected to 
accommodate the stem diameters. The cylinder inserts 174 are preferably made of plastic 
and color coded to correspond to the appropriate stem size. The cylinder inserts 174 each 
have an axial bore 166 for receiving the two stems. The cylinders 164 each have a bar 


ru 


\U 15 168 for engaging a slot 170 in the first end of each stem to retain the stems within the 

i'fi 

•p cylinders 164. The surgeon then uses the four-bar linkage 162 to move the cylinders 164 
W containing the stems in order to engage and orient the implant stem into a position 
corresponding with the position of the trial stem. 

While the implant prosthesis is positioned and held rigidly in place by the plate 
4 20 pins 154, a driver is used to engage external slots 88 on the underside of the locking ring 
of the implant prosthesis. A sufficient torque is applied to the driver to lock the locking 
ring into place in the head with a desired locking force. After the components are 
securely locked in place, the implant prosthesis is removed from the mounting device, the 
stem of the prosthesis is inserted into the medullary canal of the resected bone and the 
25 surgeon reconstructs the soft tissue of the affected joint. 

The foregoing description of the preferred embodiments of the invention has been 
presented only for the purpose of illustration and description and is not intended to be 
exhaustive or to limit the invention to the precise forms disclosed. Many modifications 
and variations are possible in light of the above teaching. The embodiments were chosen 
30 and described in order to explain the principles of the invention and their practical 
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application so as to enable others skilled in the art to utilize the invention and various 
embodiments and with various modifications as are suited to the particular use 
contemplated. 
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